WORKSHOP ON 


THE USE OF AGRO-ECOSYSTEMS IN TEACHING 

ECOLOGY 



June 22-23, 1977 


Sponsored by 


DEPARTMENT OF ENTOMOLOGY 

DEPARTMENT OF ZOOLOGY 

UNIVERSITY OF AGRICULTURAL SCIENCES 
HEBBAL, BANGALORE-560024 


UNITED STATES EDUCATIONAL 
FOUNDATION IN INDIA 

12, HAILEY ROAD 
NEW DELHI 

















Workshop Schedule 


22 nd 3ime_ 

9:30 
10:30 
11:00 

12:30 

1:30 

3:00 

23rd June 

9:30 

11:00 

11:30 

12:30 

1:30 

2:30 

3:00 

4;00 

Convener 


9-00 

10:30 


Registration 

Ecology courses and their enviornment 


11:00 Break 

12:00 General concepts of energy budgets 

and ecosystem structure. 

1:30 Lunch 


3:00 Films 

5:00 Practical data collection. 


11:00 


A, general model for Indian Agriculture 


11:30 Break 


12:30 


Discussion 


1:30 Lunch 


2:30 

3:00 

4:00 


Tradeoffs' , efficiencies and cost 
benefit relations. 

Break 

Sericulture and grain farm models 


5:00 


Open discussion Ag^o-ecosysterns xn 
teaching. 


Dr. G.P. ChannaBasavanna 
Professor and Head, Department 


of Entomology 


Coordinato rs 1. Dr. R.V. Krishnamurthy 

Associate Professor oi Zoology 


2. Mr. R. Balasubramanisn 

Assistant Professor of entomology. 


Director 


Dr. Rodger Mitchell 
Visiting Fulbright Profess 


, r Department of 
Entomology. 
























Preface 


These workshop materials are offered with the 
hope that they will stimulate Indian ecologists to use 
more examples from agricultural systems and also provide 
reference materials for field projects and research on 
Indian agro-ecosystems* 

Numerous Indian biologists have given me the 

s. 

information and advice that made it* possible to prepare 
this. In the University Dean K* Ramakrishnan and 
Prof. G.P, ChannaBasavanna gave me much aid and encourage 
ment. The basic support for this work came from the 
United States Educational Foundation in India. 


Hebbal 
May 27, 1977 


R. Mitchell 









The Ecology of Ecology Texts and Teaching: 
Does Environment Matter? 


Ecology is the study of the processes responsible 
for the conversion of light energy into the biomass oi 
plants (called producers) and the behavioral and physio¬ 
logical processes that determine the numbers and abun¬ 
dances oi the animals that eat the plants and other 
animals, or both (called consumers). In addition to 
these organisms, there are sets oi organisms \ 

for the decay oi dead plant and animal matter (decomposers;. 
These oiten neglected organisms play a crucial ro - Le ." 
completing the cycles oi nutrients in natural communities. 

Ecologists attempt to divide the world into biotic 
communities such as iorests, paddy iields, lakes, coral 
reels and so on. Each oi these communities consists oi 
a set oi producers, consumers and decomposers and each 
community may be distinguished by its location as well as 
the set oi species that make up the community. A unique 
set oi species form the forest of a particular region 

but all the forest communities under a given.aet oi con¬ 
ditions will have a similar appearance even though the 

species differ. Communities can be grouped together 

on the basis of their appearance and forests as a group arse 

radically different from a paddy field, lakes or 

coral reefs. 


The structure of each community is the consequence 
of adaptations to the environment. Wet warm environ¬ 
ments are occupied by forests. Marshes and paddy ,which 
is a.marsh plant, occur where water levels fluctuate 
widely over the year . The local community is the 
outcome of local conditions and the correlations between 
local conditions and community structure allows some 
kinds of predictions to be made. If these corre 
are at all reliable, then there are likely to be some 
common set of biotic processes that operate to pro u 
forests where it is constantly moist and grasslan s 

where the total rainfall is the same £^t itfa of 
only one season of the year. If the operation ^ 

biotic processes can be explicitly defin ^ d ^ t ions would 
kind of prediction is possible. Such pr n-nerate 

be based on an understanding of how commun P om@g 

in contrast to correlations that simply 
from past experience. 


At this point, ecology is in search of models toi 
general processes even though the basic tools re 
at the stage of correlation and description. Ihe oroaa 
outlines of the biological processes are known so that 
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the general elements of a community can he defined from 
fundamental processes . This is a considerable achieve¬ 
ment but it still leaves ecology in quite a different 
situation than genetics of physiology. The genetics of 
Indian cattle are governed by the same principles as that 
of American blacks, guinea pigs, cobras and orchids. 

Physiology - say respiration - is governed by generaliza¬ 
tions as universal as those of physics and chemistry . 

Ecology is different. Perhaps the basic laws 
governing ecological processes will be developed in time 
but at present the elements of ecology are descriptive. 

For example, the chemical processes of photosynthesis follow 
known patterns and the process can be measured but there 
is no explicit model to explain why plants mold their photo- 
synthates into a tree in one set of conditions and why a 
grass-like plant is adaptive in another set of conditions. 

With ecology at the level of description and correla¬ 
tion it means that the instruction given in a course ought 
to deal with familiar communities. An Indian tank shows 
a particular pattern of seasonal change and there are no 
general process models that cover tanks, temperate lakes 
and temporary ponds. Each one is unique because ecology 
still operates at the level of correlation and description. 
There are a common set of elements must be described so that 
studies of tanks, lakes and ponds can be compared and there 
is general agreement on what to measure . Still the inter¬ 
pretation of each set of data is an independent exercise 
in analysis. 

A functional picture of community ecology that makes 
predictions and developes generalizations from models for 
biotic processes will have to be based on studies of res¬ 
ponses of organisms to their environment. Since the com¬ 
binations of species and local conditions are uniqife at 
each spot on earth, each ecologist deals with problems invol¬ 
ving quite different combinations of elements. It is easiest 
to show students how to describe structure and function in 
a familiar biotic communities. Then the generality of 
what they do can be shown to apply to unfamiliar systems. 

If one asks what portion o f an ecology text is essen¬ 
tial and what portion represents optional examples taken 
from the environment of the author, there is no easy way to 
find an answer because there is only one sample of text books. 
All' the major books are written by western authors for use 
in the urban industrialized countries of Europe and Worth 
America. (The "Indian” ecology books, are imitatio rs of 
western text books, an allegation I will support below). 


J 
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It is instructive to analyse the three western 
text hooks available in India to find out exactly what 
a western text hook uses to illustrate ecological prin¬ 
ciples. Since most examples are accompanied hy an 
illustration, this analysis can he based on the figures 
and tables. These can he classified as; General .examples 
that fit any situation and cannot he identified with a 
particular community, for example, unlabelled energy flow 
diagram showing the relations between trophic levels. 
Natural examples in which a particular natural community, 
forests, desert, pond, etc. are used to establish a point, 
-Agricultural , Industrial or Urban examples are based on 
one of these systems. These classifications are not 
absolute but they are good enough to reveal the general 
patterns in the three texts. 



General 

Natural 

Agricultural 

Industrial 

Urban 

Odum 

(1971) 

.27 

.48 

.12 

.12 

Kormandy 

(1969) 

.39 

.52 

.05 

.06 

Kendeigh 

(1974) 

.50 

.47 

.01 

.02 

Obviou 

sly this 

could be 

used to argue 

that ecology 


as a scienoe, is the study cf natural systems and that 
may be a common feeling among ecologists. Perhaps most 
ecologists are naturalists and they are regularly in the 
fore-front of the present conservation movement. But 
is it appropriate to conclude that "pure" ecology is 
limited to the study of natural communities? Is 
"applied" ecology a secondary or ancillary field? 

This is a question of great importance in India. 

If ecology has little or nothing to do with applied 
systems, then, the ecology courses in India will have to 
deal with parts of India that are outside of the exper¬ 
ience of most students. Parks in India are small.and 
remote. Pieces of reasonably natural vegetation with 
wild life in them are not found near many urban centres. 
Important as the small areas of natural vegetation are, 
for the survival of endangered species, they are, 
in fact, used by very few Indians. An ecology course 
devoted entirely to natural, communities will deal in 
an abstract way with things that are not a part of the 
life of most students in India. 


o • « • 4* 











1-4 




Before concluding that the basis for pure ecology 
can only be studies of natural systems, it is necessary 
to deter mine, why western ecologists do not use many 
examples from agricultural, urban and industrial systems. 

Few examples are taken from urban and industrial systems 
because those systems are so highly modified that the usu 
ecological components are either riot operating or are 
greatly altered. 

Although agriculture is a biological process, the 
agricultural systems in the Wept are dominated by 
mi cals. Weeds are e laminated ' by herbicides, chemicaas 

kill insects and the energy put into, cultivati on and 
fertilizers often equals the energy harvested in the crop. 
Such agriculture is a kind of engineering in which eco¬ 
logical processes are suppressed rather than used and 
exploited. For this reason western ecologists do not 
often use examples from agricuIture. 

There is a second reason for not using agricultural 
examples and that is the fact that very few students an n 
American University have any experience with agriculture. 
When they leave the city, they often go to natural^ areas 
in which wild life is found. The area of parks in the 
United States is ten times the area of Indian parks. 

Over half the Americans visit a park each year and 16 
per cent of the Americans camp and live in a natural area 
each year. A very large portion of the campers are 
young people from urban areas. 

To test the idea that American students are more 
familiar with natural systems than agriculture , a group o 
first and second year students at Ohio State University 
(Columbus, Ohio, U.S.a) were polled. The University, has 
a large aricultural college and is situated far from any 
major natural park area. The bias toward rural and 
agricultural experiences may be greater than average for 
American students, stiil about 95 per cent of the 1060 
students polled had been to a wild life area in the last 
four years and also had clo se acquaintances who had visited 
parks. Nearly all the students (87 per cent).had seen 
a deer in the wild, regularly walk where they can see wrld 
flowers and birds, and either hunt or fish in a natural 
area. About 60 per cent are from families more than two 
generations removed from farming. Bes.s than 40 per cent 
have lived in an agricultural situation or are familiar 
with farm production problems. 


o . . . 5 
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Natural systems are familiar to nearly all American 
students and an American ecology course is likely to gi^ie 
students a better appreciation of the natural areas that 
are a major part in American life. Western ecologists 
give little attention to agriculture but it is presumptuous 
to think that these systems are ignored because agriculture 
per se is not pure ecology. Western agriculture is less 
well known to western students and also differs from 
much of the agriculture in South Asia. Western text 
books reflect the culture, resources and environmental 
concerns of their authors. If anyone doubts this, simply 
examine Odum (1971) to see how. many examples are taken from 
Georgia, Kormandy ( 1969 ) to see how often he uses examples 
frcxn Ohio and Pennsylvania and Kendeigh (1974) for examples 
from Illinois. What Odum talks about then using examples 
from Georgia is likely to be suitable for students in 
Illinois or Ohio and vice - versa. The questions Indians 
must address is whether the examples from Georgia are the 
best examples to use for teaching ecology in India. 

There are Indian authored texts and, if these 
followed western pedagogical techniques, they would use 
indigenous examples to attempt to capture student interest. 
Prom 47 to 87 per cent of the examples in the three 
American texts are specifically identified or identifiable 
as being drawn from a particular community and 84 to 92 
per cent of these examples are clearly North temperate. 

Six Indian authored texts that I will not identify beyond . 
saying that they were all published in the 1970 s differ 
sharply from American texts in having only 7 to 43 per cent 
of the examples identifiable as to ijie community. On the 
average 3 out of 4 examples were so general as to apply 
to anything. Indian' authors also cite examples from 
temperate climates. From 33 to 100 per cent of that 
small minority of identifiable examples in Indian tests are 
from temperate climates. One can only conclude that 
either there are no examples from tropical research, which 
is false, or that Indian authors have on the average, 
concentrated on generalities to the point that very few 
substantive examples are used and there is little concern 
as to whether those examples are tropical or not. 

Averages are misleading. Cne of the six books 
has 67 per cent of the identifiable examples drawn from 
the tropics and it uses twice as many identifiable exam¬ 
ples as any of the other 5 Indian texts. 
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With this one exception the Indian authors appear 
to have created an indigenous texts hy inventing a new 
approach to teaching. They select the most abstract 
and general arguments from western texts and eliminate 
nearly all the specific examples, western authors find 
essential for capturing student interest and showing how 
the generalities apply to the real world. The product 
may reflect the dreary drab outlines of a syllabus and 
thus be a comfortable solution to a bureaurocratic problem. 

But the texts do not reflect the accomplishments, capacities 
and aims of Indian ecologists. Our text books do give a 
clear idea of the environment of the United States and they 
reflect the activities of American ecolc-gists . With one 
exception, Indian ecology texts give the teacher and the 
students no help at all in applying concepts, inadequately 
described the environment of India (although the environments 
of the world were described) and, at times, go out of their 
way to aroid even mentioning indigenous systems. 

These are serious charges that need documentation 
and two examples may be sufficient to establish the point. 

The soil fauna is important and mosttexts mention it. 

Two of the Indian texts have an elaborate illustration oi 
soil organisms and termites, the most important and obiquitous 
soil organism in India, are left out. If students use the 
illustration as a guide to study, they will be deceived as 
to the soil fauna in India. Even more apalling was a list 
°f venemous animals. Any Indian could name venemous animals 
directly from, every day life but one Indian author gives the 
following sequence of examples i) rattlesnake (ii) tarantula 
iii) trap-door spider iv) red ant of the desert v; glia 
monster vi) skunk of Southwest America (sic). Setting 
aside the fact that the skunk is not venemous and the fact 
that the term ’'Southwest America" can apply to two continents, 
this list of six animals contains four animals that are 
strictly New World genera and excludes the most common vene¬ 
mous animals of India. These are extreme examples but they 
illustrate a pattern. Most Indian text books of ecology 
ignore the environment of India. 

It is my argument that introductory teaching in ecology 
whether it is a part of a general subject at the college level 
°r a course at the post-graduate level will fail unless it 
helps students understand their own environment. The text 
book, course materials and the teacher all share in this 
responsibility, The crucial questions from which a relevant 
indigenous science can be developed are: which systems are 
most familiar to Indian students? How can the general concept* 
and principles be applied so as to show how the science of 
ecology gives insights into the structure and operation of 
biotic communities? 
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The natural communities have been destroyed over 
most of India and the few remnants are remote areas 
that are not visited hy many students . The major 
systems most familiar to Indian students are the agri¬ 
cultural systems. But many respond with the argument 
that these systems are artificial or applied ecology 
and cannot he used to illustrate pure ecology. "Pure" 
ecology needs to be defined. Consider a movie theatre 
and a termite colony: "both are air conditioned, both are 
beautifully appointed, clean, orderly places that provide 
a modified environment for the comfort and pleasure of 
their respective species. Human beings paint walls or 
select marble to line the chambers,•termites use saliva 
to finish walls and select calcium rich soils for their 
walls. . The movie theatre is an artificial environment 
and the termite colony is natural - Why? The fundamental 
difference is that the termite colony is a community that 
survives on the continuous input of solar energy. Mani¬ 
pulation of the environment outside of the territory of the 
termite mound cannot affect the operation of that mound. 
What of the movie theatre? The energy used to build the 
theatre is not the current input of solar energy, it is 
non-renewable fossil fuel. Its a.ir-conditioning is also 
operated from energy derived from fossil fuel. The only 
functional way that a movie theatre can be defined as 
artificial is that it uses supplementary energy from 
non-renewable sources. It is not powered from current 
solar inputs as the termitarium is. 

The general distinction between natural and arti¬ 
ficial systems is the use of fossil fuel to alter the 
environment rather than limiting the system, to solar 
inputs. Pure ecology is the study of independent, self- 
sustaining systems based on current inputs of solar power. 
On that basis western agriculture can be defined as 
artificial because the inputs of mechanical and chemical 
energy derived from fossil fuel materially alter biotic 
processes. Indian agriculture is generally solar 
powered. The energy of people and bullocks comes from 
current inputs of solar energy stored as food. The crop 
systems in India receive, on the whole, very limited doses 
of chemicals. 

There is no way to distinguish the natural systems 
of ants and termite from much of Indian agriculture 
except to say that Homo sapiens. is an animal that, by de¬ 
finition creates artificial systems, whereas the work of 
Formicidae and Isoptera produces natural systems. 

That is an artificial anthropocentric distinction with 
no biological basis. 
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There may be a point at which it is difficult to 
say when the inpu' is of external energy are large enough 
to make the system artificial. On the average, Indian 
inputs of fossil fuel are 4 x idPKcal per hectare while 
the average hectare in the United States is affected by 
inputs of at least 6 million ICcal, nearly 2-5 times the 
Indian inputs. Clearly Indian agriculture is still 
biological, as contrasted to an engineered system, and the 
biologist is fully justified in treating it as nearly as 
"pure" biological system. There are many aspects of 
Indian agriculture that are completely solar powered and, 
therefore, as natural ^ termitaria, rat'burrows and bird 
nests. 

It can be argued that Indian agriculture is basically 
a biotic system and it is the only large scale biological 
community that is accessible and familiar to a majority 
of Indian students. The concepts of limiting factors, 
succession, animal population dynamics, life tables, energy 
budgets and ecosystem analysis can all be illustrated clearly 
and unambiguously from agricultural systems. If a student 
can be shown how to apply general ecological principles to 
this familiar part of their experience, it should be easier 
to develop an understanding of the less familiar natural 
areas. 


The content and approach used in Indian ecology 
courses should be a reflection of the environments in India. 
Ueithe^+^he wild life nor the biological aspects of agri¬ 
culture/be neglected. Agriculture is now neglected and 
offers tinique opportunities for developing new materials 
for the teaching of ecology. 


If Indian ecologists grasp the opportunity to study 
the ecosystems of the purely biological Indian agricul— 
l^ ra I systems they can make fundamental contributions to 
the science of ecology and can develop the essential mater¬ 
ials for an indigenous approach to ecology that will make 
their courses more useful for their students. The 
examples used in courses can be relevant and are likely 
to lead to fundamental contributions to an understanding 
the major natural resource of India - the farms and the 
farmers of India. 


The place to begin work in this new field is with 
ecosystem models which begin with statements of general 
biological relations. These preliminary models can then 
be refined into complex and precise models for specific 
systems. The latter refinements are not possible at 
this time but the basic data for general models is ava¬ 
ilable . 
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Results of a Questionnaire give-?-. American College.* student 

in.the Winter of 1977. 


•• ’ ‘ ‘ ••= ■ ‘ V ; . 

, ‘ * w 

1 

answering 
; -2 

yes . 

3 

1. Have you visited a park, 'wildlife 
reserve or other natural area in 
the last 4 years. 

96 

• *94 

100 

2. Do you have a friend or relative 
who has visited a State or national 
wildlife area? 

95 

99 

98 

3. Do you walk in areas where you can 
see wild flowers and "birds several 
times a year? 

-•7 

99 

100 

4. Have you seen a wild deer? 

87 

88 

100 

5. Have you ever gone hunting or 
fishing? 

87 

88 

84 

6 . Was your father or grandfather 
a farmer? 

42 

42 

53 

7. Have you ever lived on a farm 

or in a village that is primarily 
rural and agricultural? 

42 

32 

49 

8 . Do you regularly read about the 
problems of weather, crop 
production and harvests? 

38 

10 

33 

9. Have you visited a farm in the 
las t ye ar ? 

67 

57 

.< 

82 

10 . Can you identify most of the crops 
you see growing in fields and 
gardens? 

77 

80 

J 

-A 

00 


Sample sources: 1. 1060 first and second year students. 

Ohio State University, Columbus, Ohio. 

2. 16$ Undergraduate students, Erindale 
College, Missisauga, Ont., Canada. 

3 . 45 h on or s f r e.s hme n, Un ive r s it y of 
Delaware, Dover, Del. 





An Introduction to Energy Budgets and 
Ecosystem Models 


Most text "book examples of ecosystem analysis are 
in the form of block diagrams that specify the standing 
crop and rates of flux between compartments* It is not 
often that much attention is given to discussions of the 
ways these values are measured for models of energy rela¬ 
tions. Consequently the diagrams often remain abstra¬ 
ctions that are difficult to relate to things and proce¬ 
sses in the real world. So long as that is true, 

students are unlikely to gain any appreciation of the 
strengths and weakness of the models as representations 
of the operations of communities in the real world. 

In order to remedy, in part, that otersight as well 
as to set forth specific examples from the Indian situa¬ 
tion, five readings have been selected. ThesS examples 
define the b'asic biological functions on which energy 
budgets and ecosystem analyses are based and als o specify 
how the basic data are collected and used to describe 
ecosystem functions. In each case a particular problem 
is defined and an analysis is developed for solving that 
particular problem. Thus ,, the papers stand as examples 
of how to solve problems by using energy budgets and eco¬ 
system analysis, but the papers are not a blue print for 
imitation. It is the way the answers are worked out 
rather than the specific techniques that is most impor¬ 
tant lesson to consider. 

The readings range from a purely biological study 
of a beetle to an analysis of fuels used by humans. 

They clearly show that biological functions are the 
basic functional elements of these systems . These 
papers give the details of analysis and a reader should 
verify the calculations in order to learn how to carry 
out comparable analyses. 

Singh et al. (1976) develop an energy budget for 
a stored grain pest that is common throughout the world 
and does sdrious damage to grains in India. Bach 
component of the energy budget is measured independently, 
and such measurements can accurately represent the energy 
expenditures of small animals that live relatively simple 
lives in a fairly uniform environment. These unusual 
traits are shown by stored grain insects. Animals 
that live complex lives and show a variety of behaviour 
patterns in a wide range of habitats cannot be analysed 
so easily. - The problems are fairly easy to visualize 
if one considers that an individual of Sitophilous 
spends its life from egg - to adult inside one seed of grain 
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Even after emerging, the adult beetles live a life that is 
limited to mating, dispersal and oviposit ion. When life 
styles and habitat are very uniform an energy budget can be 
specified very precisely and will accurately purtray the 
energetics of each individual. In contrast, the complex 
life of individual fishes, spiders, worms, birds or frogs 
differs widely from individual to individual and must be 
statistically characterised by a statistical range. 


The group is essential 
to measure indepen- 
each individual feeds 
sometimes does among 
of five needs work 


As is clear in Lee’s (1966) study, the lives of the 
individual in a bunting gathering society differ greatly. 
There is no such a thing as a "typical” or average indi¬ 
vidual. A single, adult could survive alone, just as an 
adult beetle survives alone, but a single adult female of 
the &ung bushman could not rear an offspring except as a 
member of a group that shares food. ~ 

for survival. The .index "S” is used 
dence in food. When ”S” equals 1.0, 
itself.and when ”S” equals 0.2, as it 
the Kung, it means that only one out 

to gather food which is then shared with the others. 

”S” is a measure of the division of labour and will be less 
than 1.0 for societies such as human s oc ie t ie s in which some 
individuals do not collect food, and insect societies that 
have guards and non-foraging reproduc'tives . n S" has a 
very special use and should not be confused with other 
aspects of sociality- Baboons with S = 1.0 are independent 
in that each individual coll^cts i its own food and does not 
share food. Yet the individuals are not independent m the 
sense that a single baboon could survive alone. _ l’he baboon 
troop increases the efficiency of foraging, provides warn¬ 
ing of predators and greatly magnifies defensive responses. 
The individual needs these for survival. As energetic 
analyses are made, various indicies are worked out for 
efficiencies or yields. The index must fit the problem 
at hand and may not be appropriate in other contexts. 

As these papers are read it will be most useful to ask what 
problem is being considered and .why a particular index 
or calculation is appropriate. This will allow an inves¬ 
tigator to see how to develop techniques that are appro¬ 
priate rather than to search for problems that fit someone 
else ’s techniques. 


In studying bullocks in West Bengal, Odcnd , hal(l972) 
based his work on an energy budget for bullocks that was- in 
principle, exactly the same as that of Singh et al.(1976) 
for Sitophilous . Studies of long lived, warm blooded 
vertebrates can be simplified because the cost of repro¬ 
duction and growth is relatively small compared to- the 
metabolic cost of maintaining the adult animal. Throughout 
most of the life of Sitinhilous the energy budget is: 
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Assimilation = Growth + Respiration 
and two of the three factors have to "be measured indepen¬ 
dently in order to specify the energy budget. But 
adult warm blooded animals, such as bullocks, do not 
grow. Because G = 0 the energy budget reduces to: 

A = R 

R is predictable from size with considerable accuracy. 

The main problem addressed by Odend' hall is the rela¬ 
tion of input to output for a system in which it is of 
interest to know the foods (Ingested calories) relative 
to the useful products, dung and work, obtained from the 
bullocks. 

Although the objectives of Odend'hal’s (1972) 
study are very different from those of Singh _et al . 
(1976) or Bee (1966), they all employ some aspect of an 
animal energy budget. The energy budget is the con¬ 
sistent biological base for all these studies and the 
principles apply as well to beetles and independent 
biological human systems as they do to the role of 
bullocks in the production system of a complex inter¬ 
acting human society. 

But all these systems are purely biological. 

Human societies become more complex by releasing fossil 
solar energy as heat to produce physical and chemical 
changes - cooking, making pottery, extracting and shap¬ 
ing metals. These energy demands increase with social 
complexity. The, energy of fossil fuel may substitute 
for biological energy (tractors replace bullocks and 
chemicals replace manure) or are used to alter biolo¬ 
gical relations (insecticides, herbicides). As the 
demands for thermal energy increase, society has drawn 
from the pool of non-renewable fossil fuel that is the 
store of solar energy from the past. The energy of 
coal and oil can be measured in exactly the same way 
as the energy of rice and groundnut oil, thus the 
inputs, whether they are inputs of current solar energy 
or fossil fuel can be expressed similarly. They do re¬ 
present different categories of energy. Solar energy 
is a fixed input all systems receive as a function of 
there area and latitude but fossil fuel is in very 
unequally dispersed stores that are the result of geo¬ 
logical peculiarities. Fossil fuels can be used only 
at a considerable econpmic cost that escalates as 
supplies dwindle. Thus some relationship between 
f os sil fuel input and the output of food (both expressed 
as calories) has been used to measure what is variously 
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called the efficiency of production or its vulnerability 
to the external costs of fossil fuel. The best index 
is probably the simple ratio of food output :f ossil fuel 
input. At 1:0 the country has a Solar powered agri¬ 
culture and at 1:2 the United Spates and Europe are 
vulnerable bedause they need 2 cals, of fossil fuel 
inputs to produce a cal of food. I 


Pimentel et_ al. (1973) show how the concept of 
energy budgets applies to mechanized chemical agriculture. 
The contrast between this system and the almost purely 
biological systems of Indian agriculture will be taken 
up elsewhere. Pimentel et al. explain each of the 
constants and such explanations are absolutely essential 
for any study of energetics. The energy models are 
essential for the analysis of the complete system because 
all elements are specified in calories. But if there is 
a specific objective Or an applied problem, it may be 
necessary to revert to units of mass rather than units 
of energy. For example, the energetic cost of nitrogen 
varies widely depending on the manufacturing process 
but the plants respond to the mass of nitrogen available 
and the energy consumed in the manufacture of a kg of 
nitrogen is irrelevant to the plant response. It is 
very important that equivalents be given in order to 
make data available for a variety of uses. 


\^ erna '* ;e uses of dung are evaluated in Bhavani’s 
Viy/ci paper and described in narrative style. It 
helps t° tabulate the data so that it can be combined 
vVith informat ion f rom Pomentel et, al. ( 1973 ) to specify 

' -^at willbe taken up elsewhere. The Bhavani 
r \rioQ paper gives all the essential equivalen Is but it 
, . n ^ se_t " t ^ le P£°blan in context. For example, it is 

lrable to know how much heat energy a family unit 
^ this relates to thfoutputs of gas 
plants. when this is known, it will be possible to 
measure how much biogas is required and how many 
cattle are needed to supply an appropriate gas generator. 


It is always necessary to fit the components 
together into the entire system because it is the 
relations within the system that set limits ■ to the com¬ 
ponents. For this reason even a crude model with appro- 

va ^- ues i s useful in evaluating small scale 
studies of components. / * 
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III. Energy Budgets 


\ V' 


The energy budget is a simple algebraic expression 
defining the fate of the energy received by an organism. 

Since energy is neither created nor destroyed, all the uses 
and the losses of energy by an organism must equal the energy 
taken in. One common expression for the energy budget is. 

E—U = A. = G i ■ ~— 

in which E is the energy received, U is the unassimilatgjd 
energy that is either lost or not absorbed, A is the 
assimilated energy which must be used for either growth (G) A 
or metabolism(M). 

■ -:C- 

Plant Energy Budgets 

In -the case of plants energy is received as sunlight, 
which is fixed as chemical energy through the process of 
photosynthesis. Any physico-chemical pr ce , . ^ 

photosynthesis, has an efficiency which defines the yield 
relative to the input. The input to phot-osynthesis is 
the kinetic energy of light and the output is the star d 
chemical energy in the form of organic carbon molecules. 

If conditions are specified, then the yield can be given 
with a coefficient for photosynthesis (Cp) which is 
Yield/Input or A/E. In general plants rarely have Cp 
greater than 0.02, hence, the maximum energy budget for a 

plant would be. •*•<' 

ExCp = A = G + M 

E x 0.02=0.02 E = G + M 

The photosynthetic coefficient gives the outcome of a 
complex interaction of the photosynthetic apparatus with 
environmental factors. Photosynthepic mechanisms f®- 
3 categories: the Calvin cycle m which the first pr d ct 
is a C* sugar, the Hatch-Stack pathway m which a C^ sugar 

is the 3 first product and a.pathway typical ° f ^id^e'tabolism 
anfl rilnnts of xeric conditions, cies;olacean acid metabolism. 

The P photosynthetic rates of these systems respond in different 
ways to temperature, water, and lignt intensity. Eac 
shares some general traits but there s.r e cons id ra 
differences among the plants of a given type. 

The Cp of a plant is affected by a set of primary factors 
H-hfl-f- include 1) the photosynthetic mechanism r 2) water 
^^temperature and 4 ) mleronutrients, The response to each 
factor can he specified from laboratory experiments but 
It Is not at all practical to predict 3p w -f 0 Y se f ^“ alotlons 

controlled laboratory experiments. * hile precise P r a 
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are difficult, it hss still been possible to develop some 

general models. relatintg%o growth form and production 

(Miller, 19:72)*. •l^dbeb. not appear that such an appr°acn 

can be egdtendleMi'o a .large number of ..species and’ account 

for secd^^^^responses within the- community that 

1) the ^ph form of> the plant. 2)' competitions 3) allelo- ... 

pathic responses and >4) herbivory. "Ecologis ts are hope 

ful of developing an analytical explanation but, at this 

time, anfempirical-approach is the best that can be done* 

The ; best predictionsv of community structure are based 
on the correlations of communities with climate. If the 
temperature regimen and. in index of water availability are 
specified, then the dominant growth form and the level o± 

Net. Primary Production (NPP) cpn be .estimated* 

The* NPP can be dividid into compartments so as to form 
a budget for' the allocation of the energy available for growth. 

- • . NPP = G = B+S+L+P • •• . r ; 

The components are r oots:(R), s tems .and branches ; . (S ) , le aves (L) 
and the repr oduct ive organs, and pr opagules (P) . 

The growth budget of each of the major growth forms 
tends to be quite uniform despite the fact that the plants 
with a given growth form may .come from a wide variety of 
climates and communities with quite different structures. 

The extremes of community structure are the tree-dominated . 
forests and the grasslands and the. NPP of each community type 
may differ greatly, Still,' the growth budget of grasses and 
trees tends tube almost constant?: 



'Roots,Stem 

leaves 

,.Pr opagules 

Community NPP 
(kg ha -1 gr~l 

Grasses 

’ . . 


> 

500 - 15,000 

Temperate 

.: •• .16 ■ . 

■ .59 

. .25 

Tropical 

7.22 

. 153 

.25 

100 - 12,000 

Trees. 

• * 1 J 


• 


Temperate 

.66 

.30 

•0’ 

12,000 - 13,000 

Tropic al- 

; : .to 

* .28 

fL --fry . 

• 0;> 

15,000 -35,000 


Tropical grasslands have a lower N'fP because they are 
in zones that are more .arid than the zo • es occupied by 
temperate grasslands .• ' Despite the great differences in 
ciim.at.e. and the levpl ;of competition implied by .NPP, the 
growth budgets / of (facia category are virtually identical. 


I 
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The product of a growth budget component times 
the NPP will give an index of the absolute abundance of 
various classes of resources and the resources can be 
grouped into classes of foods for animals. Roots and 
stems are basically cellulose -that is consumed by micro¬ 
bial decomposers and a very limited set of animals. 

Leaves represent a very different set of molecules and are 
consumed by grazing herbivores. Reproductive organs and 
seeds are still another kind of food and this food is 
collected by a variety of animals . These animals are 
often called croppers. 

The growth budget of plants defines the kind of 
resources that are available for animals and their density. 
Unfortunately the field data are nearly all limited to 
above-ground production. In the case of agricultural 
systems such data are adequate for defining the role of 
plants as resources because below ground production is not 
used (save for tubers and groundnuts). Livestock form 
the grazer community while man is a mixed cropper and 
c arn iv ore . 


Animal Energy Budgets 

An alteration of terms is needed to define the feed¬ 
ing processes of an animal more precisely. It is best to 
use I (ingested) rather than E (energy absorbed) and desig¬ 
nate the compartment U(unabsorbed) as.P(feces ;. The 
substituted terms give an energy budget of 

I -F = A = G + M 


Metabolism is easily measured in animals and assumes 
a variety of roles. Basal metabolism (M^) is the energy 
expended in simple maintenance at rest. When active, there 
is an increment in metabolism that can be defined as the 
cost of activity (Ma). The level of basal metabolism 
follows reasonably consistent patterns. In the case of 
mammals basal metabolism per day is fairly well predicted 
as : 

M b = 70W* 75 

in which W is the wet weight and is Kcal per day. 


Metabolism can be shown to be a major component in 
animal energy budgets because it is both the largest 
single component and differences in activity(U a ) will 
define major quantitative differences associated with 
locomotor, feeding and defensive behavior. This is espe¬ 
cially true for homeotherms. All warm blooded animals 
show determinant growth, that is, a fixed _ adult size 
reached and the animal remains at that size for its entire 
life. The daily energy budget can be given as : 
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A = G + M 

A = (W/days) 2,500 + 
weight is divided by the 


r .75 


70W* 

in which the weight is divided by tne life span in days 
and multiplied by the coefficients of 2,500 ^ ca J-=52,5 of 
given as the average caloric value for the- wet weight - 
animals (Odum, 1971). For oxen that live 5,475 days 
(15 years)-, the energetic value for 0 is so small compared 
to that of metabolism that it can be ignored. For humans 
with life expectancies of over 50 years G is even smaller. 


The total ingested energy of humans and livestock may 
double with heavy labor which implies that M a is generally 
less than hence the relation between energy budget 
components for agricultural systems is: 

G « M b > M a 

• More detailed empirical data are available, for most 
of the components of agricultural systems so that the energy 
budgets can be given with very great precision. 


Energy Budgets in Agriculture 

Several simplifications are possible in agricultural 
systems. The growth budget data for plants are limited to 
above ground production and often given as a harvest index 
which is Food/Mass harvested. Grains are the maj or plants 
and the harvest index for grains is merely: 


P/ (S+L+P) E ± 

Note that the small amount of energy in flowers and husk is 
included in P. The harvest index (Hj_) for a crop lets one 
estimate the yield of the crop as: 


( kg harvest)*Hi = Kg crop 

and falls between .24 and .57 for the common grains 
(Zeitlich, 1975). The mean of .38 is only slightly higher 
than the means of .30 and .32 for the wild grasses mentioned 
above. 


In Indian agriculture the harvest residue is an 
essential product for the operation of the system. btraw is 
used as cattle food, and compact heavy stems may be used as 
fuel. In terms of resources, the growth budget 01 cr ps 
in agriculture should be broken down so as to define categor 
ies of NPP that are used as either human food, fuel, fodder, 
or to provide shelter. The growth budget categories used 
above generally appropriately define categories in the way 
farmers use them. 
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The needs for shelter include non-biotic materials , 
stone and earth, and are not only difficult to estimate 
"but also a small component relative to food and fuel. 

In these preliminary studies shelter needs have .not been 
estimated. Such demands should be determined in any 
detailed analysis. 

As indicated above the energy budget for humans and 
livestock involves a trivial amount of growth, hence, the 
animal energy budgets can be treated as only slightly 
underestimated if given as metabolism. 

Determining an Energy Budget 


The energy budget must be secondarily derived from a 
mass budget because primary measurements of the calories 
of growth require the destruction of an animal and meta¬ 
bolism can be measured only on restrained animals. The 
direct caloric coefficients are obtained in the laboratory. 
These coefficients can then be used to convert field data 
on biomass and activity into calories. 

An activity and mass budget must be obtained first. 
There is noway to check these budgets for accuracy because 
masses are not equivalent. A kg of dry plant material will 
average about 4>5CO kcal but a kg of animal (hry) w 
5.500 kcal because of the higher protein and fat content 
of animals. The kcal/kg can b^easwed directly escheat 
v*j p Di6C6 of* dry ■tissue is turned iri aft y§ . n 

Ihe equipment for bomb calorimetry is not 

available and good estimates can e a c ^ ohydrates an d p r0 
Organic materials are male up of fats, caru 

teins and these three classes of molecule chemical 

very consistent relation between mses , reS earch relies 

IvLt-x™ mhe verv large body of nutritional, researcn rexies 

ilviSs- •&&&& |reTl 5 i0 L2/sflor 

carbohydrate, protein 5.65 and fats 

Detailed data on caloric equivalents are given in the 
appendix of Part IV. 

In agricultural systems there willbe^ some # 

biological inputs that cannot ^ <3*P d t0 erect but the 

A stone fence requires calories f ^ QO of a w oven 

stones have no caloric value but th ^ Q0 NPP . The role 

bamboo fence has a caloric value that the 

of the fence is . to reduce losses of the ^ ^ 
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For example, one might wish to test the idea that it 
labor is in short supply and it is a question of whether 
to put labor into fishing rather than fencing. 


A problem such as this may not be solvable from ener¬ 
getic considerations alone. Protein is an- essential dietary 
element. If it is abundant, then, the value of peotein is 
merely its caloric content but if protein is scarce, th- , 
its value may-excede its caloric content by many times. in 
terms of calories, the pulses would never be grown, but as a 
protein source in India, they assume a value far greater 
than an equivalent calory of rice. 


External biotic inpu is , fertilizers, chem and 

irrigation, have no equivalents in terms of f o°d _fei! cal * s * 
One might argue that they have a value corresponding t * * 
kcal of food they generate. This is very difficult t eva u c .t 
and will be considered elsewhere. The external inputs do 
have a common base for comparison and that is the kcal o 
fossil fuel needed to produce them. This is close y 
ted with the cost of the various external inputs to t zar er 
and is the best way to compare the relative cost o var 
inpu'is to the farmer and to society. 


Nearly all these special problems of conversion can be 
-easily resolved in a consistent fashion and they must 
an energy budget for an agricultural system is to be 
developed and tested for i,ts completeness. The problems of 
the non-equivalence of fossil fuel calories with food ca ones 
or protein calories with fat or carbohydrate calories 
set aside in the construction and testing of an energy budget 
for its precision. They become crucial issues in ..--i] 
pretation and use of an energy budget and so th y 
taken up after the explicit examples of how ^energy 
can be worked out. 
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Ecosystem Models in Agriculture 


An ecosystem model is built by linking together 
a series of resource utilization models. A resource 
utilization model defines the way some ecosystem compo¬ 
nent ( a trophic level, one species or a set of similar 
species) draws resources from the resource base and 
specifies how that resource input is used. A reason¬ 
'd ly complete set of resource utilization-models can be 
it into an ecosystem model. 

A resource utilization model can be specified for 
a Sal (Shores, robus t a G-aetn.F.) forest in India (Misra, 

1968 )."' The resource base is solar energy. The energy 
of the resource base is not specified in the _original, 
however, the general pattern of solar radiation is 
known and Budyoko's (1968) map indicates that the 
resource base of solar energy is about 1.75 x 10 1U 
Kcal ha~i yr _ l. Of that, 22.56 x 10^ Kcal are captured 
over one ha of sal forest and can be expressed as: 

Resource base = Resource absorbed by sal + Resource lost 
1.75 x 10 10 = (22.56 x 107) + (1.727 x 10 10 ) 

The use of the absorbed energy can be expressed as: 

Energy absorbed ’•= Respiration + Biomass 
2 2,55S = 17,894 + 4,451 

Obviously the equation is unbalanced. Either the 
energy absorbed is too high or else respiration or bio¬ 
mass, or both are too low. If each of the three values 
is obtained independently by experimental means, it is 
unlikely that the data will be so accurate as to per¬ 
fectly balance. In many studies the equations are 
solved to obtain one value. The equation E - R + B 
can be solved if any two values are known and when that 
is done there is no way t,o verify any of tie values. 

One just assumes that the two measured values are 
measured perfectly. Since' that is unlikely, it is 
unwise to build ecosystem models if very many of the 
values are obtained as algebraic solutions rather than 
experimental measures. 

The resource utilization model can be expanded 
further by dividing the. biomass into its components: 

’ ■ . i . 

Biomass = leaves + ; roots + trunks + stems + 
consumption by herbivores 
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This defines the allocation of growth and specifies 
the energy transferred to the next trophic level. 

This is the way in which resource utilization models 
may he linked up.to produce a model for a complete 
ecosystem. It is a complex and difficult job to build 
up a model for a community or ecosystem and a specific 
model is not available for India. 

It is possible to develop a general ecosystem 
model for Indian agriculture because caloric equivalents 
for most of the components of agricultural ecosystems 
are known. Before doing so it is necessary to ask whe¬ 
ther such a model is likely to have any validity or 
utility. 

Models for agriculture are concerned with three 
major compartments: i.) the resources used by plants 

as they grow, ii) production of food and iii) the con¬ 
sumption of food. If an agricultural society is very 
closely tied to its food resources, it would be expected 
that the availability of the resources required by plants 
would determine the annual crop and the average annual 
crop of food would in turn be a limit that determines 
how large the population could be. 

A mathematical statement of the relation is: 

Population = f(Resources, Yields) 

The causal elements of this relationship are two biolo¬ 
gical functions that interact sequentially. First, there 
is the use of resources by plants to produce crops. Second, 
the yields of crops, in turn, sustain the human population. 

The resource-yield relation is a basic biological 
response of a crop plant that can be specified in great 
detail, such as Thompson (1975) did for yields of wheat 
in the United States. The relationships between 
resources and yields may be general enough that even 
complex pooled data, such as grain production in India, 
will show good correlations between the yield and an 
index for the rain received during the summer monsoon 
(Gavan and Dixon, 1975). A mathematical function for the 
resource-yield relationship can often be defined and it 
is reasonable to think that it fiay soon be possible to 
predict the responses of plants to resources with mathe¬ 
matical models based on elemental biological processes 
(Miller, 1972). 
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The relationship between crops and the population 
has been tested by Dandekar and Gadam (in press) in an 
analysis of the relationship between rural popula¬ 
tion density and land use. The density of the rural 
population is positively correlated with the areas in 
rice, wheat, pulses, sugar, fruits and vegetables and 
the correlation explains nearly 85 per cent of the 
variation in population density. The biological basis 
for the crop area - people relationship has yet to be 
e x am in ed. 

The evidence is that the resource-crop relation 
is generally predictable and that the relation of 
population to crops also follows a general pattern. 

If these two relations are tightly coupled, then the 
population would correlate closely with the resources 
available for crops . Such correlations would be the 
basis for the most general model for an agricultural 
system. The value of models depends on their generality. 

A general model relating resources to the human 
population is best tested for-a set of areas that 

i) differ widely in only one major resource. 

ii) have primarily rural populations that neither 
import nor export significant quantities of agricul¬ 
tural produce iii) employ a similar technologies 
and iv) have populations with similar diets. 

India is an ideal country for such a test. 
Innovations in technology are developed centrally by 
the Indian Council of Agricultural Research but each 
State'has control over the implementation of agricul¬ 
tural policies and tends to be self-sufficient. 

Only ten per cent of the total cereal crop is exchanged 
between States by rail or river, and nearly all of that 
is wheat being moved from production areas in the 
north-west of India. The diets arof basically vegeta¬ 
rian and the population mainly rural. Annual varia- _ 
tions in temperature are not major factors in determining 
yields. Soils a#e important but not a major variable. 
The prime resource factor in India is rainfall, which 
ranges .from a mean of about 35 cm in Rajasthan to 325 cm 
in Kerala. There is no surplus production and since 
1970 over 95 per cent of the needs were met by pro¬ 
duction in India (Indian Agriculture in Brief, 1975 
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Clearly India is well suited for a test of the 
generality of an energy flow model relating the resour¬ 
ces of plants to the density of people. A test v/as 
based on Census data for 1961 when the effects of irri¬ 
gation were less likely to confuse the situation with 
respect to water resources. A weighted estimate for 
normal rainfall was taken from data given by Sen Gupta 
(1971). These are long term (more than 70 years) 
averages. Small regions of high rainfall in four. 

States were not averaged in (for example, Mangalore in 
Karnataka) and this potential source of bias was checked 
after the analysis was completed. There was no consis¬ 
tent pattern of deviation among the four States involved 
(Karnataka, Maharashtra, Tamil Nadu and Utter Pradesh). 

The regression (Fig.1) accounts for 40 per cent of 
the variation. This is a remarkably good correlation 
considering the fact that the data cover very large 
geographic areas. It suggests that models for the rela¬ 
tionship between resources and population may have a 
biological basis. It is reasonable to expect that 
energy flow models may usefully define agricultural 
processes and also characterize the alternatives open 
for agricultural development in India. 

Models for Energy Flow 


As is often the case in science, the models of 
greatest generality have been the product of pure research 
by scientists who had the leisure to pursue their general 
had abstract knowledge as their major go a l. 
r w r , °£ ecologists on simple closed aquatic ecosystems 
iorms the basis fo r ecosystems models in ecology. This 

whKh h^ th hn ln ^ e u an ’ S u Study ( 19 42) Of a temperate lake 
which he showed how the flows 


in 


t , of solar energy through 

described^ 8 ^ er ^^ VOres an d to carnivores could be 


Some anthropologists have also followed the approach 
°i using an energy budget to define the costs and benefits 
oi behaviour in primitive societies. Lee's (1966) study 
of the ! Kung bushmen remains a model fo r such studies. 


. The reason for using energy is simple to explain. 
ac animal or plant needs to burn a certain quantity of 
rganic carbon to maintain its body and this energy is 
easily measured as calories of respiration 
potential value of food as a fuel is 
mated and the value of a given food is a constant 
because the carbon chemistry of all living things 


The 

rather easily esti- 
is a constant 


is similar 
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The animal of importance in agriculture, man can 
survive on a minimum input of around 2000 Kcals a day 
and we know that about 90 per cent of that energy can 
he absorbed and used (Nat.Acad.Sci. 1966). If called 
upon to work, the energy input must be increased in 
proportion to the work done or else it will be drawn 
from stored reserves in the body. Thus, there is a 
rather consistent and simple correspondence between 
the mass of food and the quantity of life and work that 
can be supported as tabulated in Gppalari .et al (1974). 

When energy budgets are applied to agriculture , 
we are concerned about the human equation. Maniaises 
food to survive and the benefits of cropping depends on 
man cropping at least as much as he needs to survive 
and harvest the next crop. In a developing country 
the problem is one of farmers producing enough for 
their needs and for the increase in their population, 
with a modest surplus of, may be as much <as 25 per cent, 
to feed the urban population and to store as a reserve 
against disasters in crop production. 

The correlation between rainfall and population 
developed above suggests that all states in India have 
similar efficiencies in agricultural production and 
it is reasonable, therefore to present a general model 
for Indian agriculture based on census data. This 
model can serve as a null hypothesis and is a useful 
for two reasons. i) The selection of census data 
provides a standard data base which can always be 
brought upto date ii) It gives average performance, 
hence, one dtate, one production method or any other 
subset can be compared to see the ways in which they 
differ from the average. iii) In addition to giving 
average performance the components specify relations 
which can be used to evaluate the elements of produ¬ 
ction across the country. 

A General Energy Model for Indian Agriculture 

At this time, it is more important to understand 
the elements of an energy model and the process of 
developing that model, than it is to have all the 
values perfectly worked out. Indeed, great precision 
is not needed for a general model. It is in specific 
models for a single village or a particular crop that 
exact values will be needed. This exercise will 
illustrate how an energy budget can be developed and 
will discuss the derivation of values for five compart¬ 
ments i) Primary inputs, which are sunlight, water 
and chemicals ii) Products, the yields of crops, 
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iii) Secondary outputs, animal products, iv) Consump¬ 
tion or other use of products, and v) Secondary inputs, 
which are the labour and recycled materials that are 
supported by, or derived from previous year's production 
and used in produce and harvest the current years pro¬ 
duction. Data from the 1970-71 census will be used 
because that is the most recent complete set of data 
available. Most of the data are taken from Indian 
Agriculture in Brief ( IAB). • • 


• -■ . -1 • 

The general model is illustrated in figure 2 and 
the account that follows is an explanation of how the 
values were calculated and how they may be tested for 
their accuracy. 


1. Primary Inputs . These are determined by area. 

It is not always appreciated that the owner of a hectare 
of land buys a hectare of sunlight as well as a hectare 
of rain along with the soil. 


Solar radiation differs from place to place and 
from season to season. Near Delhi the solar flux ranges 
from^x 10° Kcal ha"-*-day - ^ to 6 x 10° Kcal' ha -J 'day 1 but, 
in this case, the solar flux plays a small role in 
production because water is limiting at the times of the 
two extremes of solar flux (Varshney, 1972). Solar 
radiation may be a factor and it should be considered in 
detailed local studies. 


When large areas are being considered, it is suffi¬ 
cient to use maps, such as those of Budyoko (1968), for 
general estimates. A hectare of sunlight in India receives 
about 1.75 x 10 6 Kcal yr — (Budyoko, 1968 ) and this can he , 
used to estimate the total energy received by the 148.4 x 10 °h 
of land cropped in India during 1970-71 (IAB) to be 2.60 x 10 1 
Kcal. 


The other input will be from pasture. The permanent 
pasture in India is given as 14.8 x 10° ha (IAB), however, 
almost every patch of open ground in urban and rural areas 
is grazed and there is no easy way to get an accurate esti¬ 
mate of the total area that is actually grazed. for this 
analysis the area of pasture (that is the lands that are 
grazed) are assumed to be all lands except those classified 
as forests ( 66.0 x 10 ^ ha), areas under non-agricultural 
use (16.2 x 10° ha), barren and unculturable land (29.2 x 
10° ha) and land under crops. Subtracting, these from, 
the total reporting area of 305-3 x TO gi v ®® a remainder 
of 45.5 x I0 b . That land is likely to be available and used 
for grazing. On an All-India basis, this is a out equal 

to 0.3 of the crop lands. The ®5 S yf-l PUt 

into that area would then be 8.00 x 10 Kcal yr . 
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The cost of fertilizer and other chemicals consists 
of the fossil fuel energy used to mine and manufacture 
each component. This is best given as Kcal/kg of nutrient 
and values jbf fertilizers produced in the U.S.A. are given 
by Pimentel (1973) » Avlani and Chancellor (1975) and Heichel 
(1976). Some very limited estimates for India were attem¬ 
pted by Senapatti (1976) but they are incomplete and not 
clearly documented. The Pimentel (1973) figures corres¬ 
pond to the values of Neichel (1976) but Pimentel gives 
values for N and Pp°s about 15 per cent greater 

than the Avlani and Chancellor (1975) values. The Pimentel 
(1973) values are used because they are the only complete and 
consistent set of caloric equivalents for all three nutrients. 
(See Appendix A for an example of the problems of estimating 
fertilizer costs). The inputs for India (Fertilizer 
Assoc. India, 1976) are. 



1971-72 


Kcal/kgm 

Total Input 

N 

1.8 x 10^ 

kg 

1.84 x 10^" 

3.31 x IO 15 

P 2 ° 5 

5.6 x 10® 

kg 

3.35 x 10 5 

1.88 x 10 12 

k 2 ° 

3.0 x 10 8 

kg 

2.31 x 10 5 

6.93 x 10 11 
3.57 x 1013 


Pesticides are treated as having 2.42 x 10^ Kcal/kg 
(Pimentel et al. 1973)and the usage during 1970 was 
about 4.0 x 137 kg (United Nations, 1974) which gives an 
annual energy input of 9.68 x 10-^ Kcal. The caloric equi¬ 
valent for the herbicide 2-4 3) is 3.54 x KV+ (Avlani and 
Chancellor, 1975), but the use (1.4 x 105 kg) was so low 
that herbicides were included in the chemical total. The 
total caloric value for fertilizers and chemicals is 
3.67 x lO 1 ^ Kcal. 

Electrical power is the third major source of external 
energy and most of the energy consumed on farms is used 
to run electric water pumps. This represents 8.2 x 10 
Kcal (Ministry of Information and Broadcasting, 1974). 

Only half the pumps are electrical. The others are 
internal combustion engines which are probably half as 
efficient in terms of work-per unit of fuel consumed. 

It is reasonable to estimate gas and diesel engines 
to use twice the Kcal of fuel as electrical engines. 

The estimated combined input of energy from electricity 
and petroleum is 2.46 x lO 1 ^ Kcal. 

The energy used by the farmer may be a small fraction 
of the total caloric cost. A Kcal of electrical energy 
can be obtained from hydropower with lit lie additional 
cost but energy produced from thermal sources, may 
require 2 or more Kcal of nonanenewable fossil fuel 
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to be burned for each Kcal of - electrical energy delivered. 
A complete record of the indirect costs of energy is 
difficult to obtain at this point. However, with the 
current interest in. energetics, there is little doubt 
that more - complete data will soon be available. 


2. Production . The yields (IAB) can be pooled into major 

groups and the mean caloric equivalents from Gobalom et al. 
(1976) used to obtain the total production in calories. 


Crop 

•Yield 
( lO^kg) 

Cal or ic 
equivalent 
(Kcal Kg _i ) 


Kcal of 
production 

do 1 ?) 

Seed crops 

113-91 

3,474 


39.60 

Cotton,Jute,mesta 2.41 

4,150* 


.1.00 

Dry vegetables 

1.58 

2,995 


.. .47 

Tubers 

13.07 

819 


1.07 

Fresh fruits, 
vegetables 

13.35 

557 


0.91 

Gur 

11.63 

3,568 


4.14 




Total 

47.19 




Fiber 

-r- 1.00 

* Taken as the 

value for 1 

carbohydrate 

Pood 

46.19 


It is much more difficult to estimate the vegetable 
wastes that are used as fuel. Por example, much of the 
waste from cane is burned to produce gur and this is not 
accounted for above. Other plant parts are used as fuels 
and detailed data on such usages are difficult t° obtain. 
Overall estimates for this energy were given in the regional 
handbook "India" for the Habitat- Conference (Country Report: 
India, 1976). Only about 10 per cent of the commercial 
power generated in India - is used domestically. i™ 3 remain 
ing 90'per cent comes from wood, vegetable waste and dung. 

It is estimated that about 5.28 x lo!4- Kcal of vegetable 
wastes are used as fuel. This fuel is' collected from both 
crop and pasture land. 

The outputs from the pasture land are forage and the 
vegetable waste that is used as fuel and green manure. 

Neither of these can be taken from census values. There are 
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several ways to fill in such values. First a hectare 
receives 1.75 x 10 10 Keal of light energy a year and 
about 1-2 per cent of that energy appears in net 
production. In the case of grasses about half of 
their net production is in leaves, hence there will be 
1.75 x icAOKcal x .015 x ,5 = 1.31 x 10 8 Kcal of leaves 
per ha. Actual estimates for above ground reproduction 
are much lower. Using the mean caloric content of 
harvested grass given by Singh and Ambasht (1975) for 
conversion the following estimates for the productivity 
of grazed areas are available for India. 


Area 

S ource 

Kcal ha 

All India 

CSIR. 1970 


0.29 

Varanas i 

Singh, 1968 


1.90 

It 

Singh, Ambasht, 

1975 a 

1.31 

II 

11 

1975b 

4.73 

Gir forest 

Berwick,1976 


0.84 

Gorakhpor 

Sahai, e_t al. 


4.11 



mean 

= 2.20 

Th is ave r age 

is used (2.20 x 10 7 $cal ha 1 

yr” 1 ) x 


do 7 ) 


L, W CQ 0 CL L. ^ Vi cr-»- J 

1.00 x 10^-5 Kcal yr *" 1 


Both pasturage and the by-products of food production, 
such as straw and oil cake, are fed to the animals produ¬ 
cing dairy products, meat and eggs. Because these animals 
graze with little management, there are few estimates of 
their intake. Odend*bal(1972) gives the average intake 

for cattle in an area of West Bengal. Another estimate 
of intake can be calculated from CSIR (1970) fables of 
the ‘'available” livestock food .for 1961. These data can 
be converted to mean caloric intake per animal with con- 
starts from Ode.nd'hal(l972) for paddy straw(3272 Kcal mg ) 
and oil cake (4,244 Kcal kg -1 ) and Pimentel et al.(1975) 
for green fodder (700 Kcal kg”l). The C.S.i.R. data were 
then used to estimate the total consumption in Kcal. 
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Annual intake 
(l0 5 Kcal) 

Odend’hal' GSIR 
(1972) -Table 
(1970) 

; f : ‘ • ‘ v fy ■ i 

C at t le 


Males 

•over : 3 
years 

79*2 

109.6 

Cows,milking 

49-6 

60.2 

C ows , 

dry 

49.6 

43.8 

Young 


32.9 

22.9 

Buffalo 




Males 

over 

3 Yrs » 

- 

86.1 

C ows , 

milking 

- 

103.6 

C ows, 

dry 

- 

62.2 

Young 


- 

24.7 

Sheep 

. _ 

- 

9\3 

Goats 


— 

8.8 


1972 1972 

Population Consumption 
(10 6 ) (10 U Kcal) 


74.6 

8.176 

222.0 

1.336 

34.5 

1.511 

47.5 

1.088 


8.1 

.704 

15 -. 2• 

1.575 

14.3 

.889 

‘20.3 

.501 

40.4 

.376 

68.0 

.598 


16.743 


About 20 per cent of the feed is estimated to be pasturage, 
hence, an estimated 3.4 x lO 1 ^ Kcal. of- pasturage is con¬ 
sumed and the mean estimates for pasture production were 
1 x 10 5 Kcal. Ihe production figures varied widely and 
were either close to 1 x 10' Kcal ha-- 1 - yr -1 or were above 
4 Kcal ha - - 1 - yr - - 1 -. If the lower figure is more usual . °r 
representative then grassland production is inadequate to 
meet optimal feeding needs. If the upper value is most 
commonly achieved, then pasturage is . adequate . In either 
case it w uld appear that there is likely to be very . 
little surplus for fuel over and above pasturage needs. 

The remainder of the food for cattle, 13.3 x lO 14 Kcal, must 
come from by-products of crops and represents 2.75 times 
as much calories as is harvested for food. It means that 
something of the order of 3 Kcal of straw, fodder and weeds 
must be collected for animal food for each calorie of crop 
that is harvested. The estimate for animal feed seems 
very high and may reflect that estimates for cattle food 
are based on better diets than most cattle receive. 'There 
is source for considerable error in many of these extra¬ 
polations but the general picture will not change unless 
there are errors of an order of magnitude or more . 
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The general conclusion supported independently by 
data on production and on consumption is that sheep, goats 
and cattle must eat a large fraction of the harvestable 
waste and may well require all the available pasturage in 
order to survive on a suboptimum diet. 'The demands for 
both animal food and for feed can be met only if nearly 
all primary production is harvested. 


. ^ . ••••;* 

g. Secondary Outputs . The by-products of food, work and 
dung come from the livestock. The output of animal pro¬ 
ducts used as food is: , 


Products 

Meat 

Milk 

Eggs 


Quantity 
(109 ) 

.59 kg 
22.50 Kg 
7.7 eggs 


Caloric 


equivalent 

1170 Kcal/kg 
920 Kcal/kg 
70 Kcal/egg 


Total Production 
(10 12 Kcal) 

0.69 

20.70 

0.54 


21.93 


The caloric equivalents for meat and milk are from 
G-opalan et al. (1976) and the equivalent for eggs 
based on a 35 g egg with 13*3 per cent of each fat and 
pr otein (CSIR, 1970). This is a very small but quali¬ 
tatively important contribution of protein to the diet. 
It is supplemented from external supplies via fisheries 
but that supplement was barely 10 per cent of -che total 
protein (4.63 x 10^1 K ca l of fish were produced in 1971) 
and probably not a major factor in the diets of most 
farmers. 


The dung can be estimated as the unassimilated 
Kcals of animal food. It is generally held that about 
20 per cent of the ingested Kcals are egested as feces 
which would be a yield of 3*35 x 10 4 Kcal °f dung per 
year. Independent census estimates of the use of dung 
as fuel give 3.26 x 10 a® the quantity burned and, 
while this is .well below the estimates for collection of 
dung, which are as high as 75 per cent, it is not 
unlikely as an All-India figure. 


With the energy crisis, the value of dung as both 
a fuel and as a fertilizer has become an important 
factor in national development and Bhavani(1975 ) reviewed 
the problem in cfe tail. If burned, dung wi deliver 
heat at 11 p4r cent efficiency, the nitrogen will be 
lost, but much of the phosphorus and potassium will be 
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retained in the ash. If dung is used as fertilizer, all 
the nutrients are recycled and, if used in gobar gas plants, 
heat and the nutrients are available. The following table 
gives the caloric values if one half the manure is colle¬ 
cted in India. 

Process 


Burning 
Manure 

TV7 

G-obar Gas 

The fertilizer nutrient equivalents for dung are 
N = 1.6 per cent, P ? 0(- = 1*5 per cent and K„0 1.2 per cent 
(Bhavani, 1976). The caloric equivalents for chemical 
fertilizer, is based on Pimentel et al ■ (1973)* clear 

that the use of half the dung as fertilizer provides 
nutrients equivalent to nearly twice the current fertilizer 
bill. The potential caloric value of gobar gas given above 
is of the order of 100 times the power input into agriculture. 
The technical problems and costs of gobar gas plants are not 
examined here. This only indicates maximum benefits with¬ 
out considering incidental costs. 

The secondary product, fuel, can be. estimated in three 
different ways and, thus, checks for internal consistency 
are possible. The quantity of dung burned as- fuel is 
estimated as 3.28 x 1013 Kcal and 5.28 x 10 ^4 K cal °f vege¬ 
table waste are used as fuel (Country Report J India, 1976 ). 
These are census-based estimates. The total available dung 
can be estimated independently because it is known that 
approximately 20 per cent of the calories ingested by cattle 
are egested as feces. That total is;3.35 x lO 14 - Kcal. 

A comparable theoretical yield of vegetable waste would be 
impractical as it would require having mass, budgets for the 
above ground production for each crop and estimates of the 
alternative uses as cattle feed, bedding and manure. 

A third estimate can be based on the requirements for ^ 
fuel. It is estimated that each person would require 0.34m 
of gobar gas (4713 Kcal m3) for cooking each day (Gobar gas, 

Why and How, 1975, Khadi and Village Industries Commission). 

If this is burned at an efficiency of 0.6 (Bhavani, 1976 ), 
then, the quantum of useful calories of heat per day would be i 


heat Efficiency Yield of 
Energy Heat 

(10 ? 4) (lO^Kcal) 


1.68 

.11 

1.81 

0.60 

o 

1 

3.60 


Fertilizer Caloric 


equivalents 
( 10 12 Kcal) 


N 

P 2°5 

k 2 o 

- 

,7.2 

. 4.0 

42 .0 

7.2 

4.0 

42.0 

7.2 

4.0 
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0.34 x 4713 x ..6 = 961 Kcal useful he^at 

and a total of 3 .51 x 1C)5 Kcal of useful heat would be 
needed per year. The 1971 population:*^ 547.9 million 
would be expected to require: 

(547.9 x 10 6 ) (3.51 x 10 5 ) = 1.923 x 10 14 Kcal 

useful heat. 


The contribution from the census estimates of dung 
actually burned would be 

(328 x IQ 13 ) 0.11 = 3.59 X 10 12 Kcal 
and from vegetable waste there would be: 

(5.28 x IO 14 ) 0.173 = 9.13 x 10 3 Kcal 

A total yield of 9.48 x 10 13 Kcal of useful cooking heat. 
This represents 49»3 per cent of the national needs, and 
corresponds with independentestimates of fuel sources. 


It is of interest to know the demands this fuel 
requirement places on the land. If the 1.923 x 10+4 Kcal 
are from fuels that are burned with an efficiency of 15 
per cent, then the total fuel Kcal required would be: 

(1.923 x 10 14 ) ( 1/.15) = 1.28 X 10 15 Kcal of fuel 

Firewood contains 4*708 Kcal per kg (Khadi and Village 
Ind. Comm. 1975), ih is similar to other dry plant 
materials, ther ef ore, . the mass of fuel gathered would 
have to be : , . 


1.28 x lO l5 /4708 = 2.719 x 10 11 Kg of fuel which 
comes from 193.9 x 10^ ha of crop and pasture land. 

This conservative estimate shows that 1*402 g ox rue , 

must be collected from each hectare of land cvf r^k i uel 
tural wastes are to supply half th e .needs for cooking fue 
in India. Thh represents a very large fra 
annual productivity. . ; ! 


4 .. Consumption. Virtually all the food nll rt - 

India is consumed in India ana one could directly allo^ 
cate the crop producticn to the populati ( 107 . 6 ’) 

dity of this can be tested with Kaliraian ( 9 T 
estimates the caloric intake of various groups^Indians 
from the National Sample Survey Report on consumer 

inr^ n <?pq These detailed data taken in 1903-by 

|i5fS indicator rural versus urban diets. 





Rur al 
Ur"b an 
Total 


Kcal per indi¬ 
vidual each year. 
(10? Kcal) 

9.50' 

8.14 


1970-71 

Population 

Uo g ) 

438.8 

109.1 

547.9 
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Projected 
Consumption 
( lO 1 ^ Kcal) 

41.69 

8.88 

50.57 


The total estimated consumption of 5-06 x 10^ Kcal 
is only 5 per cent over the total of the crop y 1 ® 
animal production, 4,84 x lO 1 ^ Since the two estimates 
were independently derived from two differe r ’ 

exact correspondence is not expected. This is a rea 
ably good fit for censuses and sample surveys . i^e are 
losses to rodents, during processing, and some export, as 
well as some gains from fishing and import, and these nave 
not been entered into this analysis. It is known a 
production is very close to consumption and thes 
correspond with those facts. 

5. Secondary Inpu is The secondary inputs t o agr lculture 

are the labour of the rural population and ^nd"beast 

In some analyses only the metabolic cost of 
during work periods has been charged off as a 
as if animals were like electrical motors and 
power when idle. But animals burn nearly , 

idle as when working and it willnot work to 1 
for working and store it on days when it is la^ ^ iologica i 
the entire annual feed given t° 4 . b ^ 1 °5^ merS t w ith non¬ 
cost of their labour and, except f °rf f^Jjlation must be 
farming jobs, the food of all the rural P P 
treated as a secondary input. 

„ i , rvf araft animals can 

actual work output of bu ilock or a 

their caloric intake. & 


just 
no 

fuel when 
bullock 
Hence 


be 


Of course the 
given rather than 


her than their c al V* ‘ (range 0.5 - 1.0) 

buffalo may develop an average of 0.75 a* v 178 Kcal 

(Cockrill, 1974) which is the equivalent ot * cQuld Pe 
sec“d . The actual work done by draft_ ^n-ines involves a 


o Trie acxuax wwm monhines 

replaced by machines. Replacement. y og3 ±l fuel to 
Ices of manurial resources and require -n ra ft animals are 
produce, maintain and run ^ he _ raa ?“J n ® ’ ume , straw, has no 
solar powered. The maoor fuel they Qf pr oducts from 
alternative use. Because of the var ty complex problem, 

cattle an analysis.of thexr yalue !S a lnput ha3 been 

Por this descriptive account only tn 
cons idered. 
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Pis cuss ion 

Census data suggests that, the States of India can he 
visualized as a set of independent self-sufficient rural 
communities. All States seem to be governed by.similar 
biological interactions that'result in an increment of one 
pers on per hectare for each added 53 cms in mean rainfall. 

This gross oversimplification accounts for only a portion 

of ?hf variation (Jo per cent) but it is a .■«««“« 
for justifying the development of a general energy flow - 
model from census data. The model presented here is only 
a very rough first approximation. 

Such a model defines very broad overall Pjjttdrns and 
*Datterand 3 more pgel^m^ f^eal 

IT crop sys terns 6 c an be o«pared to to^standard^referen^ 

v?ate'froS n ?he°reLre^e m^de? and such deviations can be 
measured and used to define patterns, trends and relative 
efficiencies in agriculture. 

mho* general model can be used to show how theoretical 
ine general m a uor eiaiole, the total harvested 

Yields can be estimated. for e, f p a Li vi^lrt of 
y ™ o-f o x* v ln!5 Kcal represents a caloric yield oi 

t!584 ko^i m- 1 . assumes t^t the 

the roots are harvested and the roots p ^ m _ 2 . 

standing crop, then this , . semi-arid country 

■Phis represents a very good yield s near i y ; a U the 

(Rodm ejt al. 1975). u °° . P ffactively. It would 

natural res curves are be ing f^^^Is^operating at a 
further suggest that *]jd a .g ±his is especially true 
rather high level of is about 8 Kcal of food for each 
in terms of input. 2h f r ® AWpmical put into the system. 

Kcal of Mechanical work or chemical P x 0r 2 K cal 

For most western agriculture tne yx« u 
of food per Kcal of input* 

^ + he flows and exchanges 

The methods of ^ cart of this paper, 

of energy are the most *®port «re^from India' and there 
Very nearly all the constant _ General picture for Indian 
is reasonahte bonsistenoy so thStiU 

agriculture map inadequate and crucial 

much of the data bas , ooked. As more data and 

sources may have been ^ > ed . it is essential to see that 

more accurate dhta are gath Jc dif f e rent kinds of esti¬ 

the energy flows .are ^ **%<>**■* 

mates. The basic algebra 
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Production = Crop + By-products 
Crop = Waste + ..Consumed product 

Consumed product = Assimilation + Defecation 
Assimilation (adults) = Metabolism 

There are known relations that define theoretical production 
for most crops and fairly fixed relations for ingestion and 
assimilation for animals. It is always possible to rest 
observed performances against theory. It is almost a ways 
possible to obtain estimates in several different ways, 
as well. The accuracy and utility of an.ecosystem analysis 
depends greatly on the ingenuity and imagination at tne 
researcher. 
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Figure IV-2. Energv flow in Indian agriculture. 
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Figure TF-1, The correlation of rural population density 
with mean annual rainfall* 
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Appendix 

Caloric Equivalents for Indian Agricultural Systems 


If the weight of a material is known it is usually 
possible to convert it into calories by means of a coeffi¬ 
cient kcal kg -1 . This coefficient will be completely 
reliable if the weight is dry weight and the chemical 
composition constant. Most organic materials have a 
reasonably constant composition, hence, energy equivalents 
can be determined for most, if not all, agricultural 
materials and the details of constants are discussed here 
under the same headings as used above. 

1. Primary Inputs. Aside from sunlight given by 
Budgoko (1968) the primary inputs of energy are all work 
done by motors driven by fossil fuel. Hydro-power and 
windmills represent a small portion of the energy sources 
and require special treatment that will not be taken up 
here. 

A complete analysis of fuel-driven inputs requires 
an accounting of the energy going into a) the manufacture 
and maintenance of motors and machines b) the calories 
of fuel consumed by the machines c) the energy needed to 
produce and supply the fuel and d) the energy consumed by 
the workers supplying fuel and building and operating the 
machines . The first three can be expressed as fos.ail fuel 
calories, the last is food calories. The two kinds of 
calories represent the same quantity of heat but the 
sources of the heat are not inter-changeable. Generally 
the lest two components, the production cost and labor 
going into the manufacture and supply of fuels, are not 
available and are ignored. 

Fuel calories lie within rather narrow ranges and 


are we 11 

kn own. 

The fuels 

commonly used 

in farming 



Conversion 

Kcal kg -1 

Propane 

(c 3 h 8 ) 

18;392 

fl 5 kg” 1 

12,019 

Aviation 

Pe tr ol 

2.664 

kg gal”^ 

11,863 

Motor Petrol 

2.804 

kg gal” 

11,669 

Diesel 


3.436 

kg gal” 1 

10,533 

Keros! ene 


3.725 

kg gal” 

10,965 
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These values are taken fran Pfafflin and Ziegler 
(1976 ) and Marks (1951). Differences of 10$ can be 
found in these fuels due to differences in compos it ion and 
specific gravity. Such differences are rarely likely to 
be major sources of error in the analysis of energy flow, 

.. t * ■ • * • *• 

Electricity is given as Kilowatt-howas (Kwh) and 
one kwh = 860 Kcal. 

If neither fuel consumption nor kwh can be obtained 
it is possible to specify inputs in terms of the work 
rating of motors because one horse power-hour equals 
641 3 kcal. It is important to recognize that this measures 
only the work output of the motor and is far less than 
the energy used to drive the motor. Energy budgets based 
on the output of motors, rather than fuel input will under¬ 
estimate the actual use of fossil fuel by a factor of 
as much se 3 or 4. Thebafeis for estimating inputs of 
mechanical energy must always be made clear. 


Machinery costs are very difficult to estimate. 

Pimentel et al. (1973) took the estimate of 31,968,000 
kcal used~"to“build a 1550 kg automobile and then calculated 
that machinery took 2.07 x 10 4 kcal kg" 1 . Alternatively 
Aviani and Chancellor (1975) gave the cost of machinery 
as the energy inputs per dollar of machinery. The calorie 
inputs for one dollar of machinery were: 


Refined petroleum 
Electricity 
Natural gas 


15,949 
4,690 
24,27.0 


44,909 kcal per dollar 


This fugure will be valid only if dollars and calories 
do not change or change together. Calories used to 
produce a unit weight of machines are likely to be con¬ 
stant unless manufacturing processes change radically, 
but the dollar relationship will fluctuate greatly with 
the market value of raw materials, especially fuel and labor. 
Only the Pimentel et al (1973) figure can be used now, 

The annual cost of machinery must be the initial 
investment divided by the years of useful life plus main¬ 
tenance costs. Generally only the original cost can be 
obtained and maintenance is difficult to estimate. There are 
few good estimates of machinery costs but this is not of 
great concern in work in India where machines are not used 
very much. 
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Fertilizers and Other Chemicals. Fixed values for 
production costs in the United States were given above. 

The energy cost of producing fertilizer in India would 
require knowing the energy used to: 

a) obtain raw materials 

b) transport raw materials 

c) manufacture 

d) distribution 

e) application 

Each of the five categories would require food energy for 
* labor and fossil fuel for production of the machinery and 
fossil fuel to operate the machinery. This analysis 
would be complex because the heavy stationary machinery 
will have quite different costs than factors, and the 
. crushing machines for phosphate are likely to have vastly 
different costs than the complex chemical'plants making 
nitrogen compounds. There is an urgent need for good 
estimates of the energy used to produce fertilizers. 

Even a preliminary analysis of the fuel inputs for each 
unit of fertilizer would be useful but these data are 
evidently not available for .India (Fertilizer Assoc. India, 

1976). 

V • L 

% 

2. Production . Excellent tables for all common Indian 
foods are available (Gopalan,- et al. 1976). These are 
in terms of the weight of the purchased product and so 
they can be multiplied directly by the mass figures for 
crop production. Fresh vegetables and fruits will be 
more variable than dry products such aS'grains and pulses. 
The averages should be quite adequate for general studies. 
This breakdown is more detailed than that in the text. 


Category No. of 

values 

Grains 29 . 

Pu-lses t . 18 

Leaf vegetables (fresh) 107 
" (dry) 6 

Roots, tubers 40 

Vegetables (fresh) 69 

(dry) 16 

Fruits (fresh) 98 

" (dry) 5 

Fish (fresh) 87 

” (dry) 31 

Goat (muscle) . 1 

Mutt on (muscle) 1 

M ilk, c ows 1 

buffalo 1 ( 

Gur 9 


Range _^cal 

Average 
Water con¬ 

Average 
- Kcal 

tent 

kg -1 

3,090-3,970 

.114 

3,481 

3,216-4,320 

.111 

3,646 

220-1,150 

.839 

530 

2,770-3,050 

.086 

2,983 

160-1,930 

.772 

819 

90-1,150 

.870 

434 

229-4,720 

.127 

3,142 

160-1,950 

.802 

707 

2,150-3,290 

.179 

3,152 

590-2,730 

.742 

1,123 

2,100-4,130 

.162 

3,058 


.742 

1,180 


.715 

1,940 


.875 

670 


.810 

1,170 

3,400-3,830 

.083 

3,568 
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It is often easier t'o obtain estimates of the 
composition of a food in terms of carbohydrate, fat 
and protein rather than direct calorimetry and the 
above data from G-opal^im £t pi. are estimates from such 
extrapolations rather than direct calorimetry. Protein 
was considered to yield 5 Kcal gm**-*-, carbohydrate 4 kcal gm“^- 
and fat -9 kcal gm” . The chemical energy of these three 
classes of carbon compounds is constant enough that more 
precise coefficients can be used with confidence and the 
following values should be used (Nat.Acad.Sci., 1966). 

Protein 5.65 Kcal gm -1 

C arb ohy dr ate 4.15 " 

- . '' Pat 9.40 " 


There are also excellently detailed tables for the 
plant' products used as animal feed in India. Sen(1966) .. 
gives the chemical composition of over. .1200 food-items 
so that if one wished to break down an energy budget to 
.individual food items, it is likely that the food compoai- 
tion could be obtained from the tables of Sen. Conver¬ 
sion to calories, can be done with.the above constants. 

The data given by Sen is-by dry weight which avoids the 
problem of a variable water content.. Agricultural data 
gives the weights of'materials as harvested and so the 
data are converted int-o the calories per unit weight • 
of feed. . 


Material- 


'No. of 
values. 


Range Kcal kg ^ Average Average 

water . Kcal kg“i- 
•c outer t 


Green fodder 

432 

749.9-1,036.1 

free,shrub leaves 

110 

392.3-1,088^5 

Silage . 

17 

1,072.5-1,221.6 

Hay 

120 

3,186.8-3,731.0 

Legume hay 

14 

3,374.9-3,736.7 

Straw 

77 

2,833.3-3,6.54.8 

Concentrates 

76 

2,943.6-3,436.3 

Cakes ,.meals 

■43 

3,925.3-4,572.2 


.75 942.5 

.75. ■ 1,001JL_ 

.70 1,149.6 

..10 3*465.5 

.10 3*567.7 

.10 3,330-4 

.10 3,304.3 

.10 4,341.1.. 


The caloric values for broad categories of animal, 
feed fall within a fairly narrow range. The extremes 
are usually no more than a 10 per cent departure from the 
average and even the most variable, straw and green 
fodder, have the. extremes- no more than a 15% departure 
from the mean. The food .stuffs for man are much more:.. 
variable. The ranges for vegetables .and fruits are one 
or two times the mean and even the seeds show deviations 
of 15 per cent from the mean. Therefore, it would he 
desirable to pay particular attention to the kinds of food 
used by the human population. The analysis of animal 
feed is less .likely to be a source of .error if only broad 
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categories are. used. ‘ ■ . 

In addition to food, a portion of the,primary' . 
production may he used ,as fuer. ‘ Goarse straw is* often 
burned as a fuel. Dung is .a secondary output although • 
derived from primary produptipn.- ' For -comparative 
purposes, all of the common cooking fuels,.are listed here.. 

Material Reference , Kcal kg ^ Notes 

Anthracite coal Lauge 1967 6,630 Av.of 9 values 

Bit ominous coal " .7,185 Av.of 53 values 

Lignite ” 3,624 Av.of 5 values. 

Peat n 1,094 Av.of 6 values 

» • ' •. • * 

Gobar gas Khadi,Village Ind. - 4713 kcal rs? 

1975. 

Straw Sen, 1966 3,340 Av.of 77 values 

Wood Khadi,Village -Ind. 4,708 

Kerosine r:.. " .^-975 11,124 1 3kg = 0.82 liter 

Charcoal - " 6-,930 !r ' — 

Dung cake • . . .. " ‘ 2,092 . 


3. Secondary Outputs . The caloric equivalents of meat-and 
milk were given with other foods. The leaves .fuel, work, 
and dung to be considered. . V..- v 


Work by draft animals involves the maintenance cost 
plus an increment for labor. Since the animal must be - 
fed every day, the annual -maintenance • is a fixed cost 
and the increment needed for labor must be added. 

In the case of bullocks Sen (1966) gives the data from 
which the ' following values were obtained. 


Bullock 

300 kg 

400 kg 
500 kg 


Annual Daily Increment needed per day' 

Maintenance Main- Light work Heavy work 

tenance 

3.087 x 10^Kcal „ „ 

8,458'Kcal. 4,902 Kcal 8,772 Kcal 

5.947 x lO 6 V 30,814 Kcal 6,461 Kcal 9,661 Kcal 

5.033xl0 6 " 13,790 Kcal 7,385 Kcal 13,835 Kqal 


These give the fuel costs-Of bullock labor and the 
output, which depends on weight and condition, will 
range from 0.5 to 1.0 horsepower hour which vis equivalent 
to 321 to 641 Kcal (Cockrill, 1974).* 
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, At ^S^t w °rk over a 10 hour day, a 500 kg bullock 
produces about 3,210 kcal of useful energy for an input of 
2i,l/3 kcal of feed. This is about a 15 per cent c onver- 
sion rat^ and is what would be obtained if the bullock 
works every day. When there are days of rest the main¬ 
tenance cost must be apportioned over the working days 
which will reduce the efficiency even more. It is likely 
that conversion rates of 5 to 1G per cent are common. 

While the efficiency is low, the food source is 
argely straw that has no other alternative use, save as a 
manure. The labor supported by straw is a net gain for 
the system because cals of no value are converted into 
useful work. The cattle do need a small supplement but 
the concentrates and cakes fed to cattle are generally 
byproducts from processing grain or pressing oil. Concen¬ 
trates may be in limited supply but they cannot be used 
for things other than animal food. 

The energy required by the cattle is derived fran 
carbohydrates and fats while the protein with its nitrogen 
and other micronutrients are turned over in the body of the 
animal, hence, very nearly all the nitrogen, phosphorus and 
potassium is recoverable in the dung and can be used for 
fertilizer. Dung, therefor, returns virtually all the 
useful micronutrients of the feed back to the system. 

The micronutrients of manure must be measured in units of 
mass because plants respond to the quantities present. The 
energetic value of dung is important in two ways . It can 
be burned to give heat and i Is value as a fuel is, of 
course, a simple property of its chemical energy content. 
Secondly the micronutrients represent materials that would 
otherwise have to be providea as chemical fertilizer at 
caloric costs explained above, hence, the micronutrients 
can be evaluated in terms of the fossil fuel energy they 
s ave. 


ihe composition of fresh cattle dung and dung cakes are 
given as: 


Marris on (1957) 
Bhavani (1976) 

Neelakantan(1975) 



Proportion 


Water 

N P 2°5 

K 2 

78-.79 

.005-.007 .001-.002 

.004 

.10 

♦016 .015 

.012 

o 

00 

o 

.0008 .0010 

.0010 


oa. l^e /alues for nitrogen in the dung from the United 
states (Morrison, 1957) probably reflect the better diet 
of American cattle. The daily production of dung has been 
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estimated for each State (Neelakantan, 1975) and the 
All India average is 11.3 kg per day for battle and 
11.6 kg for buffalo. Neelakantan (1975) also gives 
estimates for the disposal of the dun^ :X thht is collected. 

, •• - -'£X v-v ' 

• * ^ • .'i* • 

The mass of farm yard manure is 'tlie statistic 
most often available for the analysis ' of agricultural 
systems and farm yard manure is a mixture of. dung, 
straw and any other waste materials at hand. ■ Its com¬ 
position varies but three estimates have been found for 
the nutrient composition. 

Proportion' 

_•* • • t r 'A 



' N 

■ P 2°5 

k 2 ° 

Wood (1920) 

.0058 

.0021' 

*0058 

Mariakulandai and 
Manickam (1975) 

.005 

• ..002 

,.005. , 

Pert.As s oc.India, 
(1976) 

.005- 

.015 .004-*008 

..005-.019 


The conversion of dung into gobar gas is a 
process described in a practical way (Khadi and Village 
Indust. Comm., 1975) and subjected to a sound the ore- ... 
tical analysis by Bhavari (1976), Neelakantan(1975 
and in Press) has made a.very careful analysis of 
manurial resources and regional differences in gas. 
yield. The regional differences are very great and. ■ 
must be- taken into account in any analysis of a parti¬ 
cular region or system. These regional differences are 
largely due to temperature, although the breed of cattle 
and feeding traits are , als b important variables . The 
range of values for the States of India given by 
Neelakantan (1975) are: 

Daily Dung Gobar gas production ' 

production (m? ton of dung) 

Cattle Buffalo 

3.62 4*82 23*2 

18.56 20*55 - 82.7 

11.30 11.60 67.1 


Minimum 

Maximum 

Average 
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4» Consumption. Kalirajan (1976) gives the caloric 
intake on a state level for India and the qualitative 
problems are discussed in detail in Gopalum et al. 1976. 
Sen (1966) gives a detailed discussion of the qualita¬ 
tive needs of cattle while M^elakantan (in press) has a 
state-xviae break down of 'available feed. 

All the values above give the chemical energy of 
foods. That is the total heat that will be released 

with complete combustion.: That is the maximum usable 

energy. The usable energy is always less than the che¬ 
mical energy. All animals must have a certain daily 

intake of protein for the maintenance of their body as 
well as the trace micronutrients. If these minor needs 
are not met, then the animal cannot survive even though 
the caloric requirements are met. 


i'he biological value of organic carbon is affected 
by the physiological state of the animal, the mixture of 
i°ods it receives, as well as meeting the availability °i 
Protein and micronutrients. These interactions may nave 
major effects on the availability of calories from a - 
given food. A certain proportion of many foods is crude 
that cannot be digested and an indication 0 ., 

<ii7rto^ erices between the total calories and the.read y 
Sen "(1% ® aterials in cattle feeds can be obtained f 


Green food 
Grass hays 
legume Lays 
Cakes, meals 


Kcal kg" 1 of feed material (normal weight) 
Total Chemical Energy Digestable 


942.5 

3465.5 

3567.7 

4341.1 


612.6 
1854.0 
2045.4 
3384-2 


°verall averages and it will be seen that the 
„ 1 table kcals range from about half to nearly three- 

quarters of the total kcals. 

It is important to see that the measures of chemical 
energpr are the maximum figures. While refinement may 
no u be useful in general, models , it is essential t° 
consider these factors when working out the detail s °i . 
specific systems. It is especially important factor in 
recommendations. This entire problem is a 
difficult one that is not yet resolved even for human 
?hJ rlt T° n * 11he P r °blem is usually avoided by giving 
an a 111 ™® 1 normally ingests rather than the 
assimilable calories an animal requires. 
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Puel is another item of consumption that is 
important. It must come from primary production and 
plays a significant role in converting some foods to a 
m ?i e . ig e s t ah ie form. Puels differ greatly in their 
6 ixic iciicy and so the needs of fuel are best expressed 
m terms of useful heat. 640.8 kcal of useful heat are 
needed to cook for one person for one day. Using this 
value for cooking from the Khadi and Village Industries 
Comm. (1975), and other data from the same source, the 
needs of the various fuels can be given. 


Puel Caloric value Efficiency 

Pirewood(kg) 4708 .173 

Straw (kg) 3340 . 150 * 

Dung cake (kg) 2092 .110 

Soft cake (kg) 6292 .280 

Gobar gas (M3) 4713 .600 

Ple ctricity(Kwh) 860 .700 


Puel needed 
per day. 

0.79 

1.28 

2.78 

0.36 

0.23 

1.06 


5 . Second ary Inpu Is . The labor of bullocks was 
discussed together with the secondary outputs under 
(3 ) ah ove . 
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